Background: Early atherosclerotic change is found even in childhood, and there is an urgent need to clarify the factors causing childhood atherosclerosis and take preventive measures. Early detection of the contributing risk factors is crucial to facilitate preventive measures. Pulse wave velocity (PWV) is a widely used technique for the assessment of atherosclerosis in children. Obese students had higher baPWV than non-obese students in both genders across each grade. On logistic regression analysis of ninth grade student data, high baPWV was dependent on systolic blood pressure (SBP), time watching television (TV) and symptoms of depression and anxiety, whereas low baPWV was dependent on time playing video games, light exercise, sleep and indoor play, as well as good friendship and motivation. Conclusion: Systolic blood pressure, time watching TV, and symptoms of depression and anxiety may contribute to arterial stiffness and be related to obesity in junior high school students.
1 the prevalence of obesity and its comorbidities in children is expected to increase in the future. 2 Adult cardiovascular disease is likely to occur in individuals with risk factors for cardiovascular disease in their childhood. 3, 4 Childhood obesity is one such risk factor and the target for preventive measures. 5 Recently, various non-invasive techniques that determine carotid intima-media thickness (CIMT), flow-mediated dilatation (FMD), and pulse wave velocity (PWV) have been developed to estimate atherosclerotic change. 6 Several studies have reported on the presence of atherosclerotic change in obese children. [7] [8] [9] Although CIMT and FMD are reliable techniques for the detection of atherosclerosis in children, they require time and skilled experience. Given that PWV is a relatively quick procedure that is easy to carry out and reproduce, many studies have used PWV to assess atherosclerosis in children. [10] [11] [12] [13] [14] [15] Aging is an inevitable and integral factor of childhood; therefore, the results obtained from these studies should be interpreted carefully. 16 Few longitudinal studies have reported on the risk factors of atherosclerotic change in children. [17] [18] [19] The aim of the present study was hence to conduct a longitudinal study on the effect of lifestyle on PWV in junior high school students over a period of 3 years, from seventh to ninth grades.
Cohlin, Tokyo, Japan). Following a resting period of 5 min, baPWV was measured in each arm simultaneously, and the mean baPWV was recorded. Body fat percentage (%) was measured using a bioelectrical impedance analyzer (SS-103, Sekisui Chemical, Tokyo, Japan). Percentage of overweight was calculated using the following equation: 20 Percentage of overweightð%Þ ¼ ðmeasured weight Àstandard weightÞ=standard weight Â 100
Standard weight was determined according to the mean age and height of each gender, in accordance with the Japanese school health report in the year 2000. Obese students were defined as those with percentage of overweight ˃20%. The lifestyle questionnaire was designed according to the Report of Surveillance of Health in School Children and Adolescents 21 conducted by Japan Society of School Health, to which psychological factors and motivational status were added. Time for indoor play was defined as time reading books or listening to music in their room after school, excluding the time watching TV, and video games. Vigorous exercise was defined as exercise with lasting fatigue till the next day, and light exercise was defined as exercise without fatigue. These definitions were given in the questionnaire. Data were obtained from the same students as they progressed through school from the year 2006 (when they were in seventh grade) to 2008 (when they were in ninth grade). None of the students moved or dropped out during the 3 years of the study.
Statistical analysis
Statistical analysis was performed using SPSS 22.0 (IBM, Chicago, IL, USA). The impact of gender differences on baPWV was addressed by assessing the measured variables separately for each gender type. Means were compared using either t-test or analysis of variance (ANOVA) and Bonferroni post-hoc test. Difference in means in each grade was tested with repeated-measures ANOVA. Significance was defined as P < 0.05. Logistic regression analysis was used to assess the relationship between baPWV and the parameters measured in this study. The variable reduction method was applied to all of the variables measured. Table 1 lists the subject characteristics. There were significant gender differences in height, weight, waist size, waist/height ratio, percentage of overweight, body fat %, SBP, heart rate and sleep time (duration) across each grade. Gender differences in body mass index (BMI), DBP, and baPWV, however, were found only in ninth grade students. There were differences in height, weight, waist circumference, percentage of overweight, body fat %, BMI, heart rate, baPWV, anklebrachial index (ABI) and time for sleep between genders across each grade. For both genders, decreased sleep time, time spent on vigorous exercise, time for games, and increase in the time studying were noted from the eighth grade to the ninth grade. Significant correlations were found in time studying versus time for video games and time watching TV in the ninth grade (time studying vs time for video games: boys, r = À0.139, P < 0.01; girls, r = À0.155, P < 0.01; time studying vs time watching TV: boys, r = À0.091, P < 0.01; girls, r = À0.117, P < 0.01). Increase in the time studying was inversely related to the increase in time for video games (boys, r = À0.168, P < 0.01; girls, r = À0.128, P < 0.01).
Results
Brachio-ankle PWV was higher in obese students than in non-obese students in each gender and grade (Table 2) . baPWV data were grouped by percentile and categorized into the following: G1, baPWV <25th percentile (low); G2, baPWV 25th-75th percentiles (normal); and G3, baPWV >75th percentile (high). In boys, high baPWV was associated with increases in weight, percentage of overweight, body fat %, blood pressure, and heart rate ( Table 3 ). In girls, high baPWV was associated with increases in body fat %, blood pressure and heart rate ( Table 3) .
Depending on the change in baPWV in the 3 year period, students were divided into four groups: group A, normal to normal; group B, normal to high; group C, high to normal; and group D, high to high, whereby normal was defined as baPWV <75th percentile, and high as baPWV >75th percentile. SBP, DBP, and heart rate were significantly higher in group D than in group A for each gender and grade (Table 4 ). In boys, time watching TV was significantly higher in group D than in group A.
On logistic regression analysis, (i) baPWV was inversely associated with baPWV increment from the seventh grade to the ninth grade (Table 5) ; and (ii) baPWV in the seventh and eighth grade was predictive of baPWV in the ninth grade. On logistic regression analysis of baPWV data from students across all grades, OR was highest for baPWV in seventh grade students in both genders (boys: inverse OR, 3.24; girls: inverse OR, 3.51; Table 5 ). In boys, this was followed by weight (OR, 1.85), body fat% (inverse OR, 1.76), and BMI (OR, 1.68) in eighth grade students; and TV viewing duration (OR, 1.54), orthostatic dysfunction (OR, 1.52), and general fatigue (OR, 1.50) in seventh grade students. In girls, this was followed by study duration in seventh grade students (OR, 1.45), degree of concentration (OR, 1.42), motivation (inverse OR, 1.41), and weight (OR, 1.31) in eighth grade students, and having a pale face (inverse OR, 1.35) and time spent on vigorous exercise (OR, 1.33) in seventh grade students (Table 5) .
Logistic regression analysis was used to identify indicators of high baPWV in the ninth grade ( 
Discussion
In this study, statistical analysis was conducted according to gender because there is much difference in physical growth, blood pressure, and baPWV between boys and girls. 10, 22 No significant differences in baPWV were seen between genders in the seventh and eighth grade. Ninth grade data, however, showed significant gender differences in baPWV, and blood pressure, suggesting the effect of sex hormones on vascular elasticity. Estrogen may inhibit atherosclerosis by increasing nitric oxide production and suppressing pathological proliferation of vascular smooth muscle. 23 The mean age of menarche is 12.2 years in Japan, 24 but the pubertal stage including the age of menarche was not checked in this study. Therefore we could not estimate the effect of estrogen on PWV in this study.
The increase in baPWV between the eighth and ninth grade was larger than that between the seventh and eighth grade. This may be explained by increased stress and anxiety from the high school entrance test, and decreased sleep time and time spent on vigorous exercise resulting from the increased study time (Table 1) .
In the seventh grade, baPWV was inversely associated with baPWV increment in both genders. In the eighth grade, weight was positively associated with baPWV increment in both genders. This suggests that weight gain from the seventh grade to the eighth grade may be associated with baPWV increment. In boys, time watching TV had an OR of 1.54 for baPWV increment. Increased time watching TV may result in reduced sleep and exercise, and an increase in sedentary time. In girls, time studying, concentration and time spent on vigorous exercise were all positively associated with baPWV increment. These activities require mental strain, which may result in increased sympathetic activity and consequentially result in baPWV increment. There is a possibility that many of the students who spent a lot of time on vigorous exercise in the seventh grade continued their sports activity into ninth grade. Being successful at both study and club activities might require reduction in time for video games, indoor play, and sleep.
Hypertension and dyslipidemia are key atherosclerosis risk factors in children. 25, 26 These risk factors tend to be present in obese children. In this study, obese students had higher baPWV than non-obese students, suggesting that obesity may play an important role in the development of atherosclerosis in children. The present results were consistent with studies by Hudson et al. and Cote et al., who similarly concluded that obese children had higher PWV compared with non-obese children. 12, 13 In the present study there was also a positive association between baPWV in the seventh and eighth grade and baPWV in the ninth grade; Therefore, students with high baPWV in the ninth grade were likely to have had high baPWV in the seventh and eighth grade (and vice versa). SBP was also associated with baPWV, particularly in boys; SBP in the seventh and eighth grade was predictive of baPWV in the ninth grade. Interestingly, although the obese students had higher baPWV than non-obese students, obesity itself was not a significant contributor toward baPWV on logistic regression analysis. Taken together, these results suggest that perhaps it is not obesity itself, but rather the factors associated with obesity, such as hypertension, reduced time for exercise, increased time watching TV, and symptoms of depression, that have an impact on baPWV.
Hypertension is an important risk factor for high baPWV in both boys and girls. [27] [28] [29] Continued hypertension may result in pathophysiological changes such as thickening of the intima and media, which can result in functional changes and PWV elevation. 26 It is important to note that although measurement of PWV is widely accepted in the assessment of arterial stiffness, its accuracy is influenced by changes in blood pressure. As a result, the use of cardio-ankle vascular index (CAVI), One-way ANOVA; ‡ Bonferroni post-hoc test. ABI, ankle-brachial index; baPWV, brachio-ankle pulse wave velocity; BMI, body mass index; DBP, diastolic blood pressure; SPB, systolic blood pressure; WC, waist circumference. n.s.
*P < 0.05, **P < 0.01. Group A, normal to normal; group B, normal to high; group C, high to normal; group D, high to high. †One-way ANOVA; ‡Bonferroni post-hoc test.
baPWV, brachio-ankle pulse wave velocity; DBP, diastolic blood pressure; SPB, systolic blood pressure.
which is based on the stiffness parameter and is theoretically independent of blood pressure, has been favored by some investigators. 30, 31 Some studies, however, have reported lower CAVI in obese children compared with non-obese children, suggesting that vascular adaptation to obesity had occurred. 30 Obesity and hypertension are independent risk factors of atherosclerosis. 26, 27 Importantly, childhood hypertension has been associated with atherosclerosis in adulthood. 25, 28 Similarly, the relationship between PWV and obesity in children has been well studied. 10, 11, 15 In the present study, we assessed the contribution of various parameters to the increased baPWV observed in junior high school students. We found that high baPWV was associated with reduced time for light exercise and increased time watching TV. These factors are consistent with reduced activity, and promote obesity and arterial stiffness. 32, 33 Additionally, reduced time for sleep, and also anger and symptoms of anxiety may contribute to sympathetic excitation, resulting in elevation of blood pressure and heart rate, promoting arterial stiffness. In children, reduced time for sleep has been associated with obesity and atherosclerosis. 34, 35 In this study, many psychological symptoms such as feeling sick during bath time, headaches, general fatigue, anxiety, and emotional ups and downs were associated with increased baPWV. Psychological stresses have been previously reported to induce transient endothelial dysfunction. 36 Symptoms of depression and anxiety have also been reported to mediate subclinical atherosclerosis. 37, 38 In young girls, anger has been shown to raise blood pressure and have an impact on cardiotoxic autonomic and hemodynamic profiles. 39 May et al. reported that trait forgiveness was associated with a more cardioprotective profile, and proposed that decreasing anger while increasing forgiveness may have clinical relevance; 39 this suggests that stress-coping education and the implementation of interventional programs aimed at suppressing anger may be useful in the prevention of atherosclerosis in children.
In the present study, increased game and indoor play time was associated with low baPWV. This is in contrast to previous reports in which time watching TV was associated with high baPWV. 40 TV watching, much like games and indoor play, is considered a sedentary activity. 41 In the present study, however, time watching TV was twice the length of time for games or indoor play, compromising time for sleep and exercise. In contrast, there are many elements of game and indoor play that may have a positive influence on mood, 42 and be considered not only an effective relaxation tool, but also a useful means for establishing good friendship.
Taken together, continued sympathetic stress through elevation of blood pressure, increase in heart rate, symptoms of nervousness, anxiety, and anger, may contribute to high baPWV. Activities that promote parasympathetic activity such as adequate time for sleep, light exercise, and game and indoor play with friends may lower baPWV and, consequently, reduce the risk of atherosclerosis. We therefore propose that implementation of preventive measures such as regular measurement of blood pressure, adequate sleep, 43, 44 lifestyle changes, and the introduction of stress-coping educational and interventional programs, may reduce the risk of early development of atherosclerosis in children.
